The objective of the current study was to characterize the relationship between diet quality and body composition in participants living with IBD, specifically Crohn's disease (CD) or ulcerative colitis (UC), in Atlantic Canada. Participants from the Atlantic Partnership for Tomorrow's Health (PATH) study are residents of one of the four Atlantic Canada provinces. Participants who completed the dietary questionnaire and had body composition measured were included in the study (n = 12,462 without IBD, n = 111 CD, n = 119 UC). A greater number of participants with IBD reported having multiple chronic conditions compared to those without IBD. Those with UC had statistically higher body weight and body mass index (BMI) compared to those without IBD. Overall, significant positive correlations were observed between adiposity and servings of refined grains, and meats and alternatives such as eggs and fish, whereas negative correlations were observed with servings of vegetables, fruit, whole grains, and alternatives such as tofu, and nuts/seeds. Participants with IBD (both CD and UC) consumed more refined grains than those without IBD. Using logistic regression analysis, participants consuming more servings of vegetables and whole grains were less likely to have CD where as those consuming more serving of fruit and bean/legumes were less likely to have UC. In the Atlantic PATH cohort, which includes a region of the world with a high incidence of IBD, distinct differences in adiposity and diet quality were observed in individuals with specific types of IBD compared to those without. There is a need for collaborative efforts to address weight management and diet quality issues in those living with IBD in the Atlantic Canadian region.
Introduction
Both the incidence and prevalence of inflammatory bowel diseases (IBD), including Crohn's disease (CD), ulcerative colitis (UC) and IBD-type undetermined IBDU are increasing worldwide. [1] There is great concern about the strain on healthcare systems, as well as the increased PLOS ONE | https://doi.org/10.1371/journal.pone.0200580 July 19, 2018 1 / 14 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
risk of colorectal cancer and long-term morbidity of those living with IBD. The number of individuals living with IBD in Canada is among some of the highest in the world [1, 2] , and in 2012, the estimated costs of IBD in Canada were $2.8 billion annually [3] . Patients with CD often have abnormal mesenteric adipose tissue, known as fat-wrapping or "creeping fat", and mesenteric fat has been found to be a source of pro-inflammatory cytokines [4] . Patients with CD are known to have a higher ratio of intra-abdominal to total abdominal fat, and higher visceral adipose tissue area, than controls. This excess adipose tissue around the intestine contributes to a pro-inflammatory environment, secreting cytokines and adipokines. This excess inflammation is of concern because individuals with IBD are found to have a higher prevalence of inflammatory diseases and chronic comorbidities [5, 6] .
In addition to excess adipose tissue, diet quality also plays a role in the regulation of the intestinal microbiome and can further augment the associated inflammatory conditions [7] [8] [9] [10] . Diet quality deserves increased attention not only for modulating inflammation, but also to avoid nutritional deficiencies and manage symptoms in those with IBD [7, 11] . However, there is a lack of large epidemiological studies that have assessed modifiable inflammatory variables such as diet and adiposity in individuals with IBD. Furthermore, exercise has also been found to reduce inflammation [12] and is important for maintaining muscle mass and strength in those with IBD. However, maintaining levels of regular physical activity may be challenging when trying to manage the symptoms of IBD.
Thus, the aim of the current study was to characterize the relationship between body composition and lifestyle behaviours such as physical activity and diet in participants with CD, UC, or without IBD from Atlantic Canada, a region of the country that not only has the highest incidence in the country [13, 14] but highest in the world [2] . We hypothesized that participants with IBD will have poorer diet quality and greater abdominal fat mass compared to those without IBD.
Materials and methods

Study population
Participants age 30 to 74 years and residents of one of the four Atlantic Canada provinces were eligible to participant in the Atlantic Partnership for Tomorrow's Health (PATH) study. All participants provided written informed consent prior to data/sample collection. A total of 31,173 participants that were recruited into the Atlantic PATH cohort between 2009-2015 completed the baseline questionnaire which included demographic information, anthropometric data, lifestyle behaviours and medical history (e.g. IBD, n = 614) as previously described [15] A subset of participants completed a dietary questionnaire and had physical measures (height, weight, grip strength, and body composition) taken. To address the aim of the study, the current project involves a sub-sample of Atlantic PATH participants, who had both completed the dietary questionnaire and had body composition measured and had indicated one specific type of IBD. To allow for comparisons between CD and UC, participants that indicated having both CD and UC were excluded (n = 27). Thus, the subsample included a total of 12,802 participants (n = 12,568 without IBD, n = 114 CD, n = 120 UC), showing relative enrichment of IBD within our cohort as compared with reported prevalence data exceeding 0.3% in North America [2, 16] .
Assessment of demographic and lifestyle behaviors
Demographic (sex, age, province, urban/rural, education, income) and lifestyle data (sleep, physical activity, smoking, and alcohol consumption) were assessed. The urban/rural classification was based on previously published work in which the Postal Code Conversion File Plus (PCCF+, version 6C, Statistics Canada) was used to classify study participants as living in urban or rural [17] . The level of education completed by participants was categorized as high school or less, college level, and university level or higher and for income as <$10000, $10000-24999, $25000-49999, $50000-74999, $75000-99999; $100000-149999, $150000-199999 and >$200000. Hours of sleep per night were categorized as <5, 5-7, 7-9, 9-11 and > 11 hours. Information on the physical activity levels of participants were collected using open-ended questions in the International Physical Activity Questionnaire (IPAQ) [18] . For each participant, a total physical activity score in metabolic equivalents of a task (MET)-minutes per week was calculated according to the IPAQ scoring protocol and then sex-specific total MET scores were ranked into tertiles and levels of total physical activity were classified as low, medium and high by the MET score tertiles [19, 20] . For smoking behaviour, participants were categorized as current smoker, former smoker or never smoked. Participants were classified as an abstainer, occasional drinker (<3 times/month), regular drinker (1-3 times/week), and habitual drinker (4-7 times/week) of alcohol consumption.
Assessment of adiposity
Anthropometric data, including height, weight, waist and hip circumference were used to calculate BMI and waist-to-hip ratio. Participants with a BMI of <18.5, 18.5-24.9, 25.0-29.9 and !30.0 kg/m 2 were considered underweight, normal weight, overweight and obese, respectively [21] . Body composition was assessed by Bioelectrical impedance using a Tanita Segmental Body Composition Analyzer (Tanita BC-418) and fat mass data are presented as weight in kg.
Assessment of diet quality
Diet quality data from participants in the cohort has been previously published [22] . In brief, food frequency questionnaires were used to assess dietary habits, with each participant indicating the frequency with which they usually consumed each item, choosing rarely/never, servings per day, servings per week, or servings per month. Participants also indicated the number of servings customarily consumed in a typical day for fruits and vegetables, milk and dairy products, grains, meat and alternatives.
Statistical analysis
All statistical analyses were performed with IBM SPSS Statistics software (version 23). Chisquare analyses were used to determine significant associations between demographic, behavioural and dietary variables in those with and without IBD. Differences in continuous anthropometric data among those with and without IBD were analyzed using ANOVA, if necessary followed by post hoc two-tailed t tests adjusted with a Bonferroni correction for multiple comparisons. Categorical variables were presented as counts (%) and continuous variables were presented as means ± standard deviation. The relationship between diet variables and adiposity was assessed by Pearson correlation coefficients. To examine the association between dietary variables and IBD, logistic regressions were used to calculate odds ratios (OR) with 95% confidence intervals. Models were unadjusted or adjusted for variables with p<0.05 or factors previously reported to impact IBD (smoking, physical activity, obesity, and comorbidities as defined by 2 or more chronic conditions). Chronic conditions include hypertension, myocardial infarction, stroke, asthma, chronic obstructive pulmonary disease, depression, diabetes, liver cirrhosis, chronic hepatitis, irritable bowel syndrome, eczema, lupus, psoriasis, multiple sclerosis, osteoporosis, and arthritis. For the development of the statistical models for predicting the probability of having IBD, demographic variables, lifestyle behaviors, and anthropometric measures were included in the regression models. The model's good calibration was determined by a non-significant (P>0.05) Hosmer-Lemeshow's goodness of fit test.
Only variables with a p<0.05 and that showed good model fit were retained in the final regression model. All corrected p-values <0.05 were considered statistically significant.
Results
Demographic and lifestyle characteristics
A significant association was observed between IBD and smoking status, alcohol consumption and the number of chronic conditions. Most participants without IBD had never smoked whereas a higher percent of those with CD or UC were former smokers. A smaller percent of participants with IBD were regular/habitual alcohol consumers (33% of CD and 40% of UC) compared to nearly half (48%) of those without IBD. Of those with IBD, approximately ¼ of participants had 4 or more chronic conditions compared to less than 5% of those without IBD. There was no statistically significant association between IBD and sex, province, urban/rural, age, education, income, alcohol consumption, and physical activity level, (Table 1) .
Adiposity
Several measures of adiposity were higher in participants with IBD (Supporting Information S1 Table) however, only body weight and BMI were statistically significant in participants with UC compared to those without IBD (Table 2) . Hand grip strength measurements were assessed because previous research has shown that grip strength correlates well with overall muscle strength [23, 24] . Participants with IBD had similar grip strength than those without IBD (Table 2 and S1 Table) . There was no difference in height, hip circumference, and the waist-to-hip ratio among participants with and without IBD (S1 Table) .
Diet quality
Overall, very few participants were meeting Canada's Guidelines for Healthy Eating [25] . Only 11-13% of participants were meeting the recommended servings of fruits and vegetables, 3% were meeting the recommended servings for grain products, 21-24% were meeting the recommended servings of milk and dairy, and 12-20% were meeting the recommended servings of meat and alternatives (Table 3 ). There was no significant association between those with and without IBD in meeting guidelines (Table 3 and S2 Table) . Fruit and vegetable consumption was lower in those with IBD compared to those without IBD (S1 Table) , however, fruit and vegetable consumption was not significantly different between those with CD and UC (Table 3) . Overall, most participants reported consuming five servings of fruits and vegetables per day. The intake of grains was significantly different among participants with CD, UC, and without IBD. On average, participants without IBD reported consuming 2 servings of whole grains and 1 serving of refined grains per day whereas participants with CD reported consuming significantly less whole grains than both participants with UC and without IBD. Both CD and UC participants consumed significantly more refined grains than participants without IBD (Table 3) . Overall, total milk and dairy, and total meat and alternatives did not differ significantly between those with and without IBD (Table 3 and  S2 Table) . Participants reported consuming an average of two servings of milk and dairy per day, and skim and 1% cow's milk were the most commonly reported types of milk consumed. Participants reported consuming an average of 4.3 servings total of meat and alternatives per day per day, and this was similar between participants with CD, UC, and without IBD (Table 3) . Both diet and regular soft drink consumption were similar between those with and without IBD, with participants most frequently reporting never consuming or only 1-3 times per month. With respect to oils and fats consumed, participants reported using margarine most often on bread and a combination of fat/oils for cooking. There was no association between the type of oil and fat consumed in participants with or without IBD. Fast food frequency was similar among groups with most participants consumed fast food less than once per month (Table 3 and S2 Table) .
Correlation between adiposity and dietary habits
Measures of adiposity such as BMI, total fat mass and trunk mass correlated with servings of fruits/vegetables, specific grains, and meat/alternatives, however, upon closer examination of individual food items distinct patterns were observed. Servings of refined grains, meat/poultry, and eggs were positively correlated with BMI. The same correlations were observed with total fat mass and trunk mass. In contrast, servings of vegetables, fruit, whole grains, tofu, and nuts/ seeds were all inversely correlated with BMI. Total fat mass and trunk mass were also negatively correlated with vegetables, fruit, whole grains, and tofu servings (Table 4) .
Association between dietary habits and IBD
Since differences in adiposity were observed in those with UC (Table 3 ) and significant correlations were detected between diet quality and adiposity (Table 4) , we next wanted to determine if there was an association between diet quality and CD or UC. Servings of vegetables and whole grains were negatively associated with CD, whereas refined grains were positively associated (Table 5) . Similarly, refined grains were also associated with UC, but in contrast servings of fruit and beans/legumes were negatively associated with UC. No other dietary variables, being a current smoker or engaging in a high level of physical activity were significantly Values in the same row with a unlike subscript are significantly different (p<0.0.5).
https://doi.org/10.1371/journal.pone.0200580.t002 associated with either CD or UC. A negative association was observed between fruit and vegetables with overall IBD (both CD and UC) and a positive association between servings of refined grains and IBD (S3 Table) .
Discussion
Canada has the highest prevalence of IBD worldwide [1, 2] , and this study highlights distinct differences in adiposity and diet quality in individuals with IBD from the Atlantic regions of Canada, an area of the country with particularly high incidence [2, 13, 14] . More specifically, body weight and BMI were significantly greater in those with UC compared to those without. BMI positively correlated with servings of refined grains, meat/poultry, eggs and fish, and inversely correlated with servings of vegetables, fruit, whole grains, tofu, and nuts/seeds. Compared to those without IBD, significant differences in the amount of fruits, vegetables and grains were observed in those IBD. Those that consumed a higher number of servings of fruit/ vegetables were less likely to have UC/CD, and those with a higher intake of refined grains were more likely to have IBD (either CD or UC) whereas beans and legumes appeared protective against UC only. The increasing incidence of IBD in developed and developing countries [1] , and increased risk of IBD in those that migrate to high-incidence regions suggests that there is likely a common set of environmental factors that are shared among these individuals [7, 26] . Some of the common lifestyle factors associated with IBD are smoking, physical activity and diet [27] . While smoking is an important environmental factor in IBD [28] with differential effects in CD and UC [26] , we did not observe a significant association with CD or UC in the currently study (although this may be due to an overall small number of smokers in the cohort). The dramatically increasing incidence in children [14] , suggests that other factors must play a role in the pathogenesis of IBD. Previous research findings are mixed regarding physical activity and its association with the onset or development of IBD [29] . On the other hand, those with existing IBD can tolerate moderate exercise without significant gastrointestinal effects and appear to benefit from regular moderate exercise in terms of symptom management, quality of life, and stress levels [29] . In the current study, we observed a similar level of activity among those with CD and UC compared to without IBD. Recent literature suggests that the increased disease activity has a negative impact on physical activity level [30] . If the degree of disease activity varied among participants, it may have influenced activity levels, however, disease activity was not capture in the current study, thus the analysis of associations between disease activity and physical activity level were not possible. While the majority of patients with IBD experienced positive effects of exercise, it is important to note that some individuals with IBD reported a negative impact of exercise, and the overwhelming majority of patients indicated that IBD had temporarily or permanently stopped them from exercising [31] . This is concerning because of the known health benefits of exercise on preventing chronic diseases such as colon cancer and cardiovascular disease [32, 33] . Furthermore, the loss of muscle mass and strength is common in patients with IBD [34] and regular exercise may help maintain muscle mass and lean body mass. Overall changes in BMI reflect alterations in body weight which includes bone, fat and fatfree (lean) body mass, thus limiting its use in detecting a loss of muscle mass or strength. Furthermore, some studies have shown that in patients with IBD, BMI does not correlate well with fat-free mass [35] and research in children suggests that the maintenance of overall body mass or BMI may be due to gains in fat mass [36] . Thus, direct changes in fat mass and muscle mass/strength should be considered in patients with IBD. In the current study, both BMI and fat mass were higher in participants with IBD compared to those without. In addition, mean grip strength, a measure to detect low lean mass [35] , was similar in participants with and without IBD. This may be important for controlling disease activity and progression, as contracting muscles produce and secrete myokines which contribute anti-inflammatory and metabolic effects [29] . The actions of myokines may be of significance for counteracting some of the negative actions of adipokines released from adipose tissue [37, 38] .
Over the past decade, a clear association has been established between diet-induced obesity and the gut microbiota, and research in this area continues to grow as scientists seek to unravel the underlying mechanisms [39, 40] . More recently, a greater understanding of the role of the gut microbiota in inflammatory bowel disease has begun to emerge [41] and environmental factors such as diet have been shown to play an important role in gastrointestinal health and modulation of the gut microbiota [7, 8, 42, 43] . Although the role of diet in the prevention and control of IBD is not well understood at this point, it appears that dietary patterns that control long-term inflammation such as non-Westernized diets and diets high in fruit and vegetable, as wells as those that emphasise a plant-based diet may be useful approaches in the future [7, 8] . In the current study, several key components of a Western diet (such as high meat, dairy, and sweetened beverages) were similar between participants with and without IBD, however, we did note significant associations between other components such as vegetables, fruit and refined grain intake. Our findings corroborate recent reports in IBD-cohorts showing an association of fibre intake with disease susceptibility (notably CD) and course [9, 44, 45] .
The relationship between diet and the development or management of IBD is complex and varies depending on the type and activity of the disease [46] . A population-based study from Australia identified a significant association between fast food frequency and the risk of both UC and CD but only in UC patients was a protective effect of daily fruit observed [27] . While it may be reasonable to suggest a diet that is considered anti-inflammatory when trying to prevent or reduce the risk of developing IBD, once established the focus on specific food or nutrients may be more important for induction or remission and prevention of relapse: recent data suggest a critical reappraisal of dietary advice regarding reducing fibre intake in IBD is warranted [9, 41, 47, 48] .
Major strengths of the current study include a large sample size, measured anthropometric data for assessment of adiposity, and participants from a population that is known worldwide for its prevalence of IBD. Limitations of the current study include that data are self-reported regarding disease diagnosis, physical activity level, and diet history, and its cross-sectional design. Because baseline data was used for this cross-sectional study, we currently can only identify associations, not causality. However, since participants of the Atlantic PATH cohort are part of a large longitudinal study, it will be possible in the future to examine the role of genetic, environmental, behavioural, and lifestyle factors in the development of disease [15] .
In conclusion, this is the first population-based Canadian study in adults to investigate the relationship between diet factors, body composition, other comorbidity and the prevalence of specific types of IBD in an area of the county known to have the highest incidence of the disease worldwide. Adiposity was significantly higher in participants with UC compared to those without IBD in the Atlantic PATH cohort. Findings from this study show that most participants with IBD were consuming a diet similar to those that did not have IBD, with the highest proportion of individuals meeting guidelines in the milk and dairy category. In the regression analysis, a protective effect of servings of fruit and bean/legumes was observed against UC whereas vegetables and whole grains servings were protective of CD. Ongoing and future prospective nutritional intervention studies will offer novel insights in a combined approach to optimizing IBD specific outcomes in the context of improving overall population health [49] [50] [51] [52] . 
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